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ELECTRONIC TRANSPARENCY 
REGULATION ELEMENT TO ENHANCE 
VIEWING THROUGH LENS SYSTEM 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

The present patent application claims priority from US. 
Provisional Patent Application 60/877,062 to Gross, entitled, 
“Electronic transparency regulation unit to enhance vieWing 
through magni?cation lens system,” ?led on Dec. 22, 2006, 
Which is assigned to the assignee of the present application 
and is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention generally relates to external vision 
apparatus. Speci?cally, the present invention relates to 
enhancing vieWing through a lens system. 

BACKGROUND OF THE INVENTION 

Conservative estimates suggest that there are at least 3 .5 to 
5 million Americans Who are visually impaired. Bioptic sys 
tems are frequently prescribed for patients desiring increased 
visual acuity for reading or close Work. 

Eye movement disorders are experienced by many patients 
suffering from progressive supranuclear palsy (PSP). Some 
patients With other neurological diseases and/or Parkin 
sonism also experience vertical eye movement di?iculties 
Which make desktop functions such as reading, Writing, and 
typing dif?cult or impossible. These patients are unable to 
turn their eyes doWnWard due to the effects of the neurologi 
cal disease. Visual ?eld disorders such as altitudinal hemi 
anopia are experienced by patients Who are capable of vertical 
eye movement, but express a decrease or lack of vision in the 
loWer half of the visual ?eld. Both eye movement disorders 
and visual ?eld disorders affect the gait and balance of the 
subject experiencing the visual disorder. 
US. Pat. No. 5,452,026 to Marcy III et al., Which is incor 

porated herein by reference, describes a vision improvement 
device using glasses in Which one or more lenses is a rapid 
shutter, such as a liquid crystal shutter. The subject Wears the 
glasses and the shutter is rapidly operated such that vision 
from the strong eye is subdued or blocked off long enough to 
alloW the Weak eye information to be processed by the brain 
to promote improved depth perception. One eye is permitted 
to see While the other eye is occluded. By control of the 
shutter, the Weaker eye can be exposed for longer than the 
stronger eye to compensate for the brain’ s ability to ignore the 
Weak eye information. As such, control over vision is 
described as resulting in an improved balance of per-eye 
information, increasing stereoscopic vision. 
US. Pat. No. 4,279,474 to Belgorod et al., Which is incor 

porated herein by reference, describes a spectacle lens com 
prising a liquid crystal layer and electrode assembly sand 
Wiched betWeen a pair of identically curved glass plates and 
layers of polariZation material on the outer surfaces of the 
plates. The optical density of the lens is controlled by apply 
ing across the electrodes variable duty cycle voltage pulses. 
The duty cycle of the pulses is controlled in response to 
ambient light intensity measured by a photocell. 
PCT Publication WO 05/043224 to HerZog et al., Which is 

incorporated herein by reference, describes an electronically 
controlled, liquid-crystal eyeglass system designed for inter 
mittent occlusion, While exercising the eyes of a user, through 
combined occlusion-and-exercising sessions, Wherein the 
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2 
eyeglass system includes features to improve and monitor 
compliance. The system is described as having an ordinary 
eyeglass design, Wherein the electronic components are min 
iaturiZed and hidden, having a re?ective coating on the exte 
rior surfaces of the lenses, for identical exterior appearance, 
even When the tWo lenses operate at different opacity levels. 
In this manner, the liquid-crystal eyeglass system does not 
attract attention. The liquid-crystal eyeglass system is 
described as being used in the treatment of amblyopia, stra 
bismus, and a Weak eye, and may be integrated With sun 
glasses and/ or With glasses for corrective vision. 
PCT Publication WO 05/051254 to Yang et al., Which is 

incorporated herein by reference, describes a portable liquid 
crystal eye shieldpoWered by a solar battery, Which can adjust 
transmission index of light in response to the intensity of 
surroundings. A solar cell is mounted on a mask. The liquid 
crystal panel is mounted on the inner surface of a glass shield. 
US. Pat. No. 4,601,545 to Kern et al., Which is incorpo 

rated herein by reference, describes a variable lens. In one 
form the lens poWer is described as being varied and in 
another the poWer may be selectively ?xed in a carrier mate 
rial. There are no moving mechanical parts but instead an 
optically active molecular material such as liquid crystals. In 
one embodiment, the lens and control means for varying the 
poWer of the lens are mounted on a common substrate. A 
variable gradient index of refraction is achievable by applying 
a controlled stimulus ?eld to the lens. For example, a geo 
metrically con?gured matrix of electrical voltages, each at a 
selected addressable location relative to the optically active 
material, provides the gradient in one embodiment. A thin 
?lm embodiment ?nds applications in magnifying glasses, 
cameras, telescopes, microscopes, as Well as for intraocular 
and contact lenses for the human eye. 
US. Pat. No. 6,775,060 to Peli et al., Which is incorporated 

herein by reference, describes apparatus and methods for 
increasing visual acuity through the use of a bioptic telescope 
Which is at least partially embedded in a spectacle lens. In one 
embodiment, the telescope includes a vision lens having a 
vision axis and a ?rst surface for placement substantially in 
front of an eye of a user. The telescope further includes a 
plurality of optical elements de?ning an optical path for vieW 
ing an object in front of the ?rst surface. At least one of the 
plurality of optical elements is positioned such that at least a 
portion of the optical path is located Within the vision lens in 
a plane substantially orthogonal to the vision axis. 
The folloWing patents and patent applications, Which are 

incorporated herein by reference, may be of interest: 
US. Pat. No. 4,756,605 to Okada et al. 
US. Pat. No. 4,190,330 to Berreman et al. 
US. Patent Application Publication 2006/0146275 to 

MetrZ et al. 
US. Pat. No. 5,552,841 to Gallorini et al. 
US. Pat. No. 5,680,195 to Pekar et al. 
US. Pat. No. 6,437,927 to Shafer et al. 
The folloWing articles, Which are incorporated herein by 

reference, may be of interest: 
BoWers A R et al., “Bioptic telescopes meet needs of driv 

ers With moderate visual acuity loss,” Invest Ophthamol Vis 
Sci 46(1):66-74 (2005) 

Peli E et al., “In-the-spectacle-lens telescopic device for 
loW vision” Schepens Eye Research Institute, Harvard Medi 
cal School, Proceedings of SPIE Vol. 461 1, Ophthalmic Tech 
nologies XII pp. 129-135 (2002) 
The National Institute for Rehabilitation Engineering 

(N IRE), “Eyeglasses for People WithVertical Eye Movement 
Disorders and/ or Ambulation Disordersifrom PSP* or Par 
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kinsonism (*PSP:Progressive Supranuclear Palsy). Eye 
glasses for People Missing Lower Halves of Visual Fields” 
(2003) 

Hoeft W W et al., “Amorphic lenses: a mobility aid for 
patients With retinitis pigmentosa,”Am J Optom Physiol Opt 
62(2):l42-8 (1985) 

SUMMARY OF THE INVENTION 

In some embodiments of the present invention, an elec 
tronic transparency regulation element having variable trans 
parency is con?gured to enhance vieWing through a magni 
?cation lens system coupled to a vision-enhancing instrument 
comprising one or more spectacle lenses. Typically, the trans 
parency regulation element is con?gured to enhance the 
vieWing by enhancing visual acuity through the magni?ca 
tion lens system. Alternatively or additionally, the transpar 
ency regulation element is con?gured to restrict or minimize 
simultaneous vieWing of peripheral objects, e.g., objects not 
directly vieWed through the magni?cation lens system. 

Typically, the one or more spectacle lenses are held 
together by a frame comprising a poWer unit, Which supplies 
voltage to the transparency regulation element. Upon activa 
tion by a subject desiring to look through the magni?cation 
lens system, the transparency regulation element is con?g 
ured to substantially darken and diminish light passage 
through portions of the one or more spectacle lenses not 
containing the magni?cation lens system. 

For some applications, the one or more spectacle lenses 
comprise exactly tWo lenses. Each of the tWo lenses is 
coupled to a magni?cation lens system con?gured for vieW 
ing objects at a distance. Alternatively, each of the tWo lenses 
is coupled to a magni?cation lens system con?gured for vieW 
ing near objects. Further alternatively, a ?rst of the tWo lenses 
is coupled to the magni?cation lens system con?gured for 
vieWing objects at a distance, and a second of the tWo lenses 
is coupled to the magni?cation lens system con?gured for 
vieWing near objects. Yet further alternatively, only one mag 
ni?cation lens system is coupled to only one lens of the 
exactly tWo lenses. 

In some embodiments of the present invention, the magni 
?cation lens system is coupled directly to the frame, and is 
typically pivoted toWards the one or more spectacle lenses in 
order for the subject to vieW through the magni?cation lens 
system. 

Typically, the transparency regulation element comprises a 
tinting device, e.g., a liquid crystal device. 

In an embodiment, the transparency regulation element is 
con?gured to be coupled to an additional spectacle lens of the 
vision-enhancing instrument and is con?gured to substan 
tially darken the additional spectacle lens When the subject 
desires to look through the magni?cation lens system. Con 
sequently, vieWing through the magni?cation lens system is 
enhanced. 

For some applications, once vieWing through the magni? 
cation lens system is no longer desired, the transparency 
regulation element is con?gured to substantially darken the 
portion of the one or more spectacle lenses containing the 
magni?cation lens system (e.g., upon activation by the sub 
ject). In this manner, light passage through the magni?cation 
lens system is diminished or substantially eliminated, While 
light passage through the remaining portions of the one or 
more spectacle lenses is generally not inhibited. 

Typically, the transparency regulation element is con?g 
ured to be coupled to an outer surface of at least one of the one 
or more lenses of the vision-enhancing instrument, and to 
protrude slightly therefrom. Alternatively, the transparency 
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4 
regulation element is con?gured to be embedded Within at 
least one of the one or more spectacle lenses. In an embodi 
ment, the frames comprise side-blinders Which reduce glare 
affecting vieWing through the magni?cation lens system. 
The magni?cation lens system is typically used to vieW 

objects at a far distance from an individual Wearing the instru 
ment. Alternatively, the magni?cation lens system is used to 
vieW near objects. In an embodiment, a magni?cation lens 
system for vieWing far objects is disposed upon a ?rst lens of 
the one or more spectacle lenses, and a magni?cation lens 
system for vieWing near objects is disposed upon a second 
lens of the one or more spectacle lenses, such that the trans 
parency regulation element is con?gured to substantially 
darken portions of the ?rst spectacle lens and the second 
spectacle lens that do not contain the magni?cation lens sys 
tem currently being used, to alloW for enhanced vieWing 
through the magni?cation lens system currently being used. 
In an embodiment, the transparency regulation element is 
con?gured to substantially darken the entire spectacle lens 
not containing the magni?cation lens system currently being 
used. Additionally or alternatively, the tWo magni?cation lens 
systems are con?gured to be disposed upon the same lens of 
the one or more spectacle lenses, While vieWing through one 
magni?cation lens system is achieved by substantially dark 
ening portions of the one or more spectacle lenses not con 
taining that magni?cation lens system. 
The magni?cation lens system comprises one or more 

lenses con?gured to enhance vision, such as a bioptic tele 
scope for vieWing objects at a far distance (e. g., a Keplerian, 
Galilean, catadioptric, or other telescope knoWn in the art), a 
magnifying glass for vieWing near objects, or other lens sys 
tem knoWn in the art. 

In some embodiments of the present invention, at least one 
of the one or more spectacle lenses of the vision-enhancing 
instrument comprises one or more lens elements. Typically, 
the one or more lens elements comprises exactly tWo lens 
elements and the transparency regulation element is con?g 
ured to be disposed therebetWeen. Alternatively, the transpar 
ency regulation element is con?gured to be disposed upon an 
outer or an inner surface of at least one of the one or more lens 

elements. 
In an embodiment, at least one of the one or more lens 

elements is con?gured to function as at least a portion of the 
magni?cation lens system, by shaping the at least one lens 
element so as to provide a portion of the magni?cation of the 
magni?cation lens system. In some embodiments, the at least 
one lens element comprises a re?ective surface in addition to 
one or more refractive surfaces of the at least one lens ele 
ment, con?gured to create a catadioptric telescope. For some 
applications, tWo lens elements each comprising both a 
re?ective and refractive surface are used to create the cata 
dioptric telescope. 

In some embodiments of the present invention, the vision 
enhancing instrument comprises exactly tWo spectacle 
lenses, Wherein at least one spectacle lens contains ?rst and 
second regions. The ?rst lens region is con?gured for vieWing 
near objects When the second lens region is substantially 
darkened by the transparency regulation element in response 
to activation by the subject Wearing the glasses. Conversely, 
the second lens region is con?gured for vieWing far objects 
When the ?rst lens region is substantially darkened by the 
transparency regulation element. 

In some embodiments of the present invention, a transpar 
ency regulation element, con?gured to be coupled to at least 
one lens of the one or more spectacle lenses of the vision 
enhancing instrument, is con?gured to provide a pinhole 
opening. Visual acuity through the pinhole is enhanced When, 
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upon activation, the transparency regulation element sub stan 
tially darkens portions of the lens surrounding the pinhole. 
For some applications, the transparency regulation element is 
con?gured to darken a second lens of the one or more spec 
tacle lenses of the vision-enhancing instrument not compris 
ing a pinhole opening. 

In some embodiments of the present invention, a prism 
compensating apparatus comprises at least one spectacle lens 
and a prism. Typically, the prism is con?gured to provide a 
Wider scope of vision, e.g., upWards, doWnWards and/or lat 
erally, such as for subjects limited in their visual range or eye 
movement. During vieWing through the prism, the portions of 
the at least one lens not containing the prism are substantially 
darkened by the transparency regulation element, enabling 
enhanced visual acuity through the prism. Optionally, When 
the subject is using the portions of the lens not containing the 
prism, the prism is substantially darkened by the transparency 
regulation element. 

There is therefore provided, in accordance With an embodi 
ment of the present invention, apparatus including: 

a frame con?gured to be Worn on a face of a subject, such 
that a portion of the frame is located in front of a ?rst eye of 
the subject and not in front of a second eye of the subject; 

a ?rst lens system coupled to the portion of the frame, the 
?rst lens system including one or more ?rst lenses; 

a second lens system coupled to the portion of the frame, 
the second lens system including one or more second lenses; 

a transparency regulation element coupled to the ?rst lens 
system, the transparency regulation element having variable 
transparency, and con?gured to enhance vieWing through the 
second lens system; and 

a poWer unit coupled to the frame, con?gured to: 
during a ?rst period, drive the transparency regulation ele 

ment to darken the ?rst lens system Without substantially 
darkening at least a portion of the second lens system, and 

during a second period after the ?rst period, not drive the 
transparency regulation element to darken the ?rst lens sys 
tem. 

In an embodiment, the transparency regulation element 
includes a liquid crystal device. 

In an embodiment, the transparency regulation element is 
con?gured to enhance visual acuity through the second lens 
system. 

In an embodiment, the transparency regulation element is 
con?gured to minimiZe vieWing of peripheral objects that are 
not directly vieWed through the second lens system. 

In an embodiment, the transparency regulation element is 
disposed With respect to the ?rst lens system so as to: 

darken a ?rst portion of at least one of the ?rst lenses, 
through Which ?rst portion light passing through the second 
lens system does not pass, and 

substantially not darken a second portion of the ?rst lenses, 
through Which second portion light passing through the sec 
ond lens system does pass. 

In an embodiment, the frame includes a light source 
coupled thereto. 

In an embodiment, the frame includes side-blinders. 
In an embodiment, at least one of the second lenses is 

embedded Within at least one of the ?rst lenses. 
In an embodiment, the transparency regulation element 

includes a polymer, and the poWer unit modulates a level of 
transparency of the polymer by driving the polymer to change 
a state thereof. 

In an embodiment, the transparency regulation element is 
embedded Within at least one of the ?rst lenses. 

In an embodiment, the transparency regulation element is 
disposed on an outer surface of at least one of the ?rst lenses. 
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6 
In an embodiment, the transparency regulation element is 

disposed on an inner surface of at least one of the ?rst lenses. 
In an embodiment, the transparency regulation element is 

con?gured to reduce background light by darkening at least a 
portion of at least one of the ?rst lenses. 

In an embodiment, the poWer unit includes a rechargeable 
battery. 

In an embodiment, the poWer unit includes a photovoltaic 
charger. 

In an embodiment, the poWer unit includes circuitry, such 
as a microcontroller. 

In an embodiment, the poWer unit includes: 
an input device including at least one element selected 

from the group consisting of: a sWitch, a button, a touch 
sensitive panel, and a voice activation unit; 

a poWer supply con?gured to drive current through the 
transparency regulation element; and 

circuitry, such as a microcontroller, con?gured to process 
input from the selected element and actuate the poWer supply 
in response thereto. 

In an embodiment, the poWer unit is con?gured to detect a 
distance betWeen the frame and a remote object, and to drive 
the transparency regulation element to darken the ?rst lens 
system in response to the distance. 

In an embodiment, the transparency regulation element 
includes a ?rst transparency regulation element, and includ 
ing a second transparency regulation element coupled to the 
second lens system, and the poWer unit is con?gured to drive 
the second transparency regulation element to darken the 
second lens system during at least a portion of the second 
period. 

In an embodiment, the second lens system includes a mag 
ni?cation lens system. 

In an embodiment, the magni?cation lens system includes 
at least one element selected from the group consisting of: a 
Keplerian telescope, a Galilean telescope, a catadioptric tele 
scope, and a magnifying glass. 

In an embodiment, the one or more ?rst lenses include one 
or more spectacle lens elements, and at least a portion of at 
least one of the one or more spectacle lens elements is con 
?gured to function as at least a portion of the magni?cation 
lens system. 

In an embodiment, the one or more spectacle lens elements 
are shaped so as to de?ne the magni?cation lens system. 

In an embodiment, the one or more spectacle lens elements 
include at least one re?ective surface. 

In an embodiment, the magni?cation lens system includes 
at least one element selected from the group consisting of: a 
Keplerian telescope, a Galilean telescope, a catadioptric tele 
scope, and a magnifying glass. 

In an embodiment, at least one of the one or more second 
lenses is coupled to at least one of the one or more ?rst lenses, 
such that the second lens system is coupled to the portion of 
the frame via the ?rst lens system. 

In an embodiment, the second lens system protrudes from 
the ?rst lenses toWards the face of the subject. 

In an embodiment, the second lens system protrudes from 
the ?rst lenses aWay from the face of the subject. 

In an embodiment, the second lens system is coupled to the 
portion of the frame not via the ?rst lens system. 

In an embodiment, the magni?cation lens system is con 
?gured to pivot and align With the ?rst eye of the subject, and 
the poWer unit is con?gured to drive the transparency regu 
lation element in response to the pivoting. 

In an embodiment, the ?rst lens system is con?gured for 
vieWing near objects, and the second lens system is con?g 
ured for vieWing far objects. 
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In an embodiment, the transparency regulation element 
includes a ?rst transparency regulation element, and includ 
ing a second transparency regulation element coupled to the 
second lens system, and the poWer unit is con?gured to drive 
the second transparency regulation element to darken the 
second lens system during at least a portion of the second 
period. 

In an embodiment, the apparatus includes an angle detec 
tion device, coupled to the frame, the poWer unit includes 
circuitry, such as a microcontroller, con?gured to process a 
detection by the angle detection device and drive the trans 
parency regulation element to darken the ?rst lens system in 
response to the detection. 

In an embodiment, the angle detection device is con?gured 
to detect an angle of the frame, and the circuitry, such as a 
microcontroller, is con?gured to drive the transparency regu 
lation element to darken the ?rst lens system in response to 
the angle. 

In an embodiment, the apparatus includes a sensor coupled 
to the frame, Which sensor is con?gured to generate a sensing 
signal, and the poWer unit includes, such as a microcontroller, 
con?gured to drive the transparency regulation element to 
darken the ?rst lens system in response to the signal. 

In an embodiment, the sensor is con?gured to detect eye 
movement of the subject. 

In an embodiment, the sensor is con?gured to detect at least 
one type of energy selected from the group consisting of: 
visible radiation, infrared radiation, ultrasound energy, and 
radiofrequency energy. 

In an embodiment, the poWer unit is con?gured to deter 
mine an orientation of a remote object With respect to the 
frame, and to drive the drive the transparency regulation 
element to darken the ?rst lens system in response to the 
orientation. 

In an embodiment, the apparatus includes a transmitter, 
Which is con?gured to be placed in a vicinity of the remote 
object, and to transmit a signal, and the poWer unit includes a 
receiver, Which is con?gured to receive the signal, and the 
poWer unit is con?gured to determine the orientation respon 
sively to the signal. 

In an embodiment, the apparatus includes a re?ective ele 
ment, Which is con?gured to be placed in a vicinity of the 
remote object, the poWer unit includes a transmitter, Which is 
con?gured to transmit a signal, and a receiver, Which is con 
?gured to receive a re?ection of the signal off of the re?ective 
element, and the poWer unit is con?gured to determine the 
orientation responsively to the received re?ection. 

In an embodiment, the transmitter is con?gured to transmit 
at least one type of energy selected from the group consisting 
of: visible radiation, infrared radiation, ultrasound energy, 
and radiofrequency energy. 

In an embodiment, the second lens system includes a 
prism. 

In an embodiment, the transparency regulation element is 
con?gured to enhance visual acuity through the prism. 

In an embodiment, the prism is con?gured for vieWing in a 
generally doWnWard direction. 

In an embodiment, the prism is con?gured for vieWing in a 
generally upWard direction. 

In an embodiment, the apparatus includes a motion sensor, 
Which is con?gured to detect motion of the subject, and the 
poWer unit is con?gured to drive the transparency regulation 
element to darken the ?rst lens system When less than a 
threshold amount of motion is sensed. 

In an embodiment, the one or more ?rst lenses include one 
or more ?rst spectacle lenses. 
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In an embodiment, the one or more second lenses include 

one or more second spectacle lenses. 
There is further provided, in accordance With an embodi 

ment of the present invention, apparatus, including: 
a frame; 
a vision-enhancing instrument including one or more spec 

tacle lenses coupled to the frame; 
a magni?cation lens system coupled to at least one of the 

lenses; and 
a transparency regulation element coupled to the at least 

one of the lenses, and con?gured to darken at least a portion 
of the at least one of the lenses While substantially not reduc 
ing passage of light through the magni?cation lens system. 

There is still further provided, in accordance With an 
embodiment of the present invention, apparatus, including: 

a frame; 
a vision-enhancing instrument including ?rst and second 

spectacle lenses coupled to the frame; 
a magni?cation lens system coupled to the ?rst lens; and 
a transparency regulation element con?gured to diminish 

light passage through the magni?cation lens system, and at 
the same time substantially not to diminish light passage 
through the second lens. 

There is yet further provided, in accordance With an 
embodiment of the present invention, apparatus, including: 

a frame; 
a vision-enhancing instrument including one or more spec 

tacle lenses coupled to the frame; and 
a transparency regulation element con?gured to provide a 

pinhole opening for light passage through at least one of the 
tWo lenses. 

In an embodiment, the apparatus includes an input device 
coupled to the frame. 

In an embodiment, the input device is con?gured to modu 
late a level of transparency of the transparency regulation 
element surrounding the pinhole. 

In an embodiment, the input device is con?gured to modu 
late a siZe of the pinhole opening in response to an input. 

There is additionally provided, in accordance With an 
embodiment of the present invention, apparatus for use With 
a vision-enhancing instrument including one or more spec 
tacle lenses and a frame, the apparatus including: 

a magni?cation lens system coupled to at least one of the 
lenses; 

a transparency regulation element having variable trans 
parency, con?gured to enhance vieWing through the magni 
?cation lens system; and 

a poWer unit, con?gured to supply voltage to the transpar 
ency regulation element. 

There is still additionally provided, in accordance With an 
embodiment of the present invention, apparatus including: 

a frame; 
at least one spectacle lens coupled to the frame; 
a prism coupled to the frame; 
a transparency regulation element coupled to the lens, the 

transparency regulation element having variable transpar 
ency, and con?gured to enhance vieWing through the prism; 
and 

a poWer unit, con?gured to: 
during a ?rst period, drive the transparency regulation ele 

ment to darken the lens Without darkening at least a portion of 
the prism, and 

during a second period after the ?rst period, not drive the 
transparency regulation element to darken the lens. 

In an embodiment, the transparency regulation element 
includes a ?rst transparency regulation element, and includ 
ing a second transparency regulation element coupled to the 
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prism, the power unit is con?gured to drive the second trans 
parency regulation element to darken the prism during at least 
a portion of the second period. 

In an embodiment, the transparency regulation element is 
con?gured to enhance visual acuity through the prism. 

In an embodiment, the prism is con?gured for vieWing in a 
generally doWnWard direction. 

In an embodiment, the prism is con?gured for vieWing in a 
generally upWard direction. 

In an embodiment, the apparatus includes a motion sensor, 
Which is con?gured to detect motion of a subject Wearing the 
frame, and the poWer unit is con?gured to drive the transpar 
ency regulation element to darken the lens When less than a 
threshold amount of motion is sensed. 

There is also provided, in accordance With an embodiment 
of the present invention, a method including: 

placing a vision-enhancing instrument on a face of a sub 
ject such that at least a ?rst portion and at least a second 
portion of the instrument are located in front of a ?rst eye of 
the subject and not in front of a second eye of the subject; 

during a ?rst period While the instrument is placed on the 
face, electrically darkening the ?rst portion, Without sub stan 
tially darkening the second portion; and 

during a second period after the ?rst period, not darkening 
the ?rst portion. 

In an embodiment, the method includes darkening the sec 
ond portion during at least a portion of the second period. 

In an embodiment, darkening the ?rst portion includes 
minimiZing vieWing of peripheral objects that are not directly 
vieWed through the second portion. 

In an embodiment, darkening the ?rst portion includes 
regulating a level of light passing through the ?rst portion. 

There is further provided, in accordance With an embodi 
ment of the invention, apparatus, including: 

a frame; 
a vision-enhancing instrument including one or more spec 

tacle lenses coupled to the frame; 
a magni?cation lens system coupled to at least one of the 

lenses; 
a transparency regulation element having variable trans 

parency, con?gured to enhance vieWing through the magni 
?cation lens system; and 

a poWer unit, con?gured to supply voltage to the transpar 
ency regulation element. 

In an embodiment, the magni?cation lens system includes 
at least one element selected from the group consisting of: a 
Keplerian telescope, a Galilean telescope, a catadioptric tele 
scope, and a magnifying glass. 

In an embodiment, the transparency regulation element 
includes a liquid crystal device. 

In an embodiment, the transparency regulation element is 
con?gured to enhance visual acuity through the magni?ca 
tion lens system. 

In an embodiment, the transparency regulation element is 
con?gured to minimiZe vieWing of peripheral objects that are 
not directly vieWed through the magni?cation lens system. 

In an embodiment, the transparency regulation element is 
disposed With respect to the at least one of the lenses so as to: 

permit darkening of a ?rst portion of the at least one of the 
lenses through Which light passing through the magni?cation 
lens system does not pass, While 

substantially not darkening a second portion of the at least 
one of the lenses through Which light passing through the 
magni?cation lens system does pass. 

In an embodiment, the apparatus includes a light source 
coupled to the frame. 

In an embodiment, the frame includes side-blinders. 
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In an embodiment, the magni?cation lens system protrudes 

from the at least one of the lenses toWards a subject Wearing 
the apparatus. 

In an embodiment, the magni?cation lens system protrudes 
from the at least one of the lenses aWay from a subject Wearing 
the apparatus. 

In an embodiment, the magni?cation lens system is embed 
ded Within the at least one of the lenses. 

In an embodiment, the transparency regulation element 
includes a polymer and the poWer unit modulates a level of 
transparency of the polymer by driving the polymer to change 
a state thereof. 

In an embodiment, the transparency regulation element is 
embedded Within the at least one of the lenses. 

In an embodiment, the transparency regulation element is 
disposed on an outer surface of the at least one of the lenses. 

In an embodiment, the transparency regulation element is 
disposed on an inner surface of the at least one of the lenses. 

In an embodiment, the transparency regulation element is 
con?gured to reduce background light by darkening at least a 
portion of the at least one of the lenses. 

In an embodiment, the poWer unit includes a rechargeable 
battery. 

In an embodiment, the poWer unit includes a photovoltaic 
charger. 

In an embodiment, the poWer unit includes circuitry, such 
as a microcontroller. 

In an embodiment, the poWer unit includes: 
an input device including at least one element selected 

from the group consisting of: a sWitch, a button, a touch 
sensitive panel, and a voice activation unit; 

a poWer supply con?gured to drive current through the 
transparency regulation element; and 

circuitry, such as a microcontroller, con?gured to process 
input from the selected element and actuate the poWer supply 
in response thereto. 

In an embodiment, the magni?cation lens system is dis 
posed directly upon the frame. 

In an embodiment, the magni?cation lens system is con 
?gured to pivot and align With an eye of the subject, and the 
transparency regulation element is actuated in response to the 
pivoting. 

In an embodiment, the at least one of the lenses includes 
one or more spectacle lens elements, and a portion of at least 
one of the one or more spectacle lens elements is con?gured 
to function as at least a portion of the magni?cation lens 
system. 

In an embodiment, the one or more lens elements are 
shaped so as to de?ne the magni?cation lens system. 

In an embodiment, the one or more lens elements include at 
least one re?ective surface. 

In an embodiment, the magni?cation lens system includes 
at least one element selected from the group consisting of: a 
Keplerian telescope, a Galilean telescope, a catadioptric tele 
scope, and a magnifying glass. 

In an embodiment, the one or more lenses include a ?rst 
magni?cation lens system and a second magni?cation lens 
system, and: 

the ?rst magni?cation lens system is con?gured for vieW 
ing near objects When the second magni?cation lens system is 
darkened by the transparency regulation element, and 

the second magni?cation lens system is con?gured for 
vieWing far objects When the ?rst magni?cation lens system is 
darkened by the transparency regulation element. 

In an embodiment, the ?rst magni?cation lens system and 
the second magni?cation lens system are disposed upon one 
of the one or more lenses. 
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In an embodiment, the apparatus includes an angle detec 
tion device, coupled to the frame, and the power unit includes 
circuitry, such as a microcontroller, con?gured to process a 
detection by the angle detection device and actuate the poWer 
unit in response to the detection. 

In an embodiment, the angle detection device is con?gured 
to detect an angle of the frame, and actuate the poWer unit in 
response thereto. 

In an embodiment, the apparatus includes a sensor coupled 
to the frame, and the poWer unit includes circuitry, such as a 
microcontroller, con?gured to process a sensing by the sensor 
and actuate the poWer unit in response to the detection. 

In an embodiment, the sensor is con?gured to detect eye 
movement of a subject. 

In an embodiment, the transparency regulation element is 
con?gured to regulate a level of light passing through the 
magni?cation lens system. 

In an embodiment, the transparency regulation element is 
con?gured to reduce light passing through the magni?cation 
lens system While permitting light to pass through the at least 
one of the lenses. 

There is also provided, in accordance With an embodiment 
of the invention, apparatus, including: 

one or more spectacle lenses including a ?rst lens region 
and a second lens region; and 

a transparency regulation element con?gured to: 
at a ?rst time, darken the ?rst lens region and substantially 

not darken at least a portion of the second lens region, 
and 

at a second time, darken the second lens region and sub 
stantially not darken at least a portion of the ?rst lens 
region. 

In an embodiment, the one or more spectacle lenses include 
tWo spectacle lenses, each including a respective ?rst lens 
region and a respective second lens region. 

In an embodiment, the one or more spectacle lenses include 
tWo spectacle lenses, and the ?rst lens region and the second 
lens region are each disposed on both of the tWo spectacle 
lenses. 

In an embodiment: 
the ?rst lens region is con?gured for vieWing near objects 

When the second lens region is darkened by the transparency 
regulation element; and 

the second lens region is con?gured for vieWing far objects 
When the ?rst lens region is darkened by the transparency 
regulation element. 

There is additionally provided, in accordance With an 
embodiment of the invention, apparatus, including: 

a frame; 
a vision-enhancing instrument including one or more spec 

tacle lenses coupled to the frame; 
a magni?cation lens system coupled to at least one of the 

lenses; and 
a transparency regulation element coupled to the at least 

one of the lenses, and con?gured to darken at least a portion 
of the at least one of the lenses While substantially not reduc 
ing passage of light through the magni?cation lens system. 

There is yet additionally provided, in accordance With an 
embodiment of the invention, apparatus, including: 

a frame; 
a vision-enhancing instrument including ?rst and second 

spectacle lenses coupled to the frame; 
a magni?cation lens system coupled to the ?rst lens; and 
a transparency regulation element con?gured to diminish 

light passage through the magni?cation lens system, and at 
the same time substantially not to diminish light passage 
through the second lens. 
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There is still additionally provided, in accordance With an 

embodiment of the invention, apparatus, including: 
a frame; 
a vision-enhancing instrument including one or more spec 

tacle lenses coupled to the frame; and 
a transparency regulation element con?gured to provide a 

pinhole opening for light passage through at least one of the 
tWo lenses. 

In an embodiment, the apparatus includes an input device 
coupled to the frame. 

In an embodiment, the input device is con?gured to modu 
late a level of transparency of the transparency regulation 
element surrounding the pinhole. 

In an embodiment, the input device is con?gured to modu 
late a siZe of the pinhole opening in response to an input. 

There is also provided, in accordance With an embodiment 
of the invention, apparatus for use With a vision-enhancing 
instrument including one or more spectacle lenses and a 
frame, the apparatus including: 

a magni?cation lens system coupled to at least one of the 
lenses; 

a transparency regulation element having variable trans 
parency, con?gured to enhance vieWing through the magni 
?cation lens system; and 

a poWer unit, con?gured to supply voltage to the transpar 
ency regulation element. 
The present invention Will be more fully understood from 

the folloWing detailed description of embodiments thereof, 
taken together With the draWings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic illustration of a magni?cation lens 
system and a transparency regulation element coupled to a 
spectacle lens, in a ?rst state thereof, in accordance With an 
embodiment of the present invention; 

FIG. 1B is a schematic illustration of the magni?cation lens 
system and transparency regulation element of FIG. 1A, in a 
second state thereof, in accordance With an embodiment of 
the present invention; 

FIG. 2 is a schematic side-vieW illustration of a transpar 
ency-regulated magni?cation lens system, in accordance With 
an embodiment of the present invention; 

FIG. 3 is a schematic side-vieW illustration of another 
con?guration of the transparency-regulated magni?cation 
lens system of FIG. 2, in accordance With an embodiment of 
the present invention; 

FIG. 4 is a schematic side-vieW illustration of yet another 
con?guration of the transparency-regulated magni?cation 
lens system of FIG. 2, in accordance With an embodiment of 
the present invention; 

FIGS. SA-B are schematic side-vieW illustrations of addi 
tional con?gurations of the transparency-regulated magni? 
cation lens system of FIG. 2, in accordance With respective 
embodiments of the present invention; 

FIGS. 6A-C are schematic side-vieW illustrations of yet 
additional con?gurations of the transparency-regulated mag 
ni?cation lens system of FIG. 2, in accordance With respec 
tive embodiments of the present invention; 

FIG. 7 is a schematic illustration of a transparency regula 
tion element comprising a pinhole opening, in accordance 
With an embodiment of the present invention; 

FIG. 8 is a schematic illustration of a dual transparency 
regulated magni?cation lens system, in accordance With an 
embodiment of the present invention; 
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FIG. 9 is a schematic illustration of a transparency-regu 
lated magni?cation lens system, in accordance With an 
embodiment of the present invention; 

FIGS. 10A-10B are schematic illustrations of a transpar 
ency regulation element, in respective ?rst and second states 
thereof, in accordance With an embodiment of the present 
invention; 

FIG. 10C is a schematic illustration of a transparency regu 
lation element, in accordance With another embodiment of the 
present invention; 

FIGS. 11A and 11B are schematic illustrations of the mag 
ni?cation lens system of FIGS. 1-6C and 8-9, in accordance 
With respective embodiments of the present invention; and 

FIGS. 12A-E are schematic illustrations of a lens system 
comprising a prism, in accordance With respective embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Reference is noW made to FIG. 1A, Which is a schematic 
illustration of apparatus 20 comprising a magni?cation lens 
system 26 coupled to one of tWo spectacle lenses 22, and a 
transparency regulation element 30, in accordance With an 
embodiment of the present invention. Spectacle lenses 22 are 
held together by a frame 24 Which comprises a poWer unit 28 
con?gured to supply voltage to transparency regulation ele 
ment 30. Magni?cation lens system 26 is used for vieWing far 
objects. Alternatively, magni?cation lens system 26 is con 
?gured for vieWing near objects. Spectacle lenses 22 are 
con?gured for vieWing far objects and/or for vieWing near 
objects, according to the needs of a given subject. 

For some applications, magni?cation lens system 26 com 
prises a telescope, e.g., Galilean, Keplerian, catadioptric, or 
any other telescopic lens system knoWn in the art. In some 
embodiments, magni?cation lens system 26 comprises at 
least one lens, e.g., an aspherical or amorphic lens, Which is 
con?gured to enhance vision in subjects experiencing tunnel 
vision. The aspherical or amorphic lens helps the subject 
attain a Wider range of peripheral vision. 

It is to be noted that the proportions of magni?cation lens 
system 26 relative to the surrounding spectacle lens 22 may 
be greater than the proportions illustrated herein. For 
example, magni?cation lens system 26 may comprise a 
majority of spectacle lens 22. 

In some embodiments, transparency regulation element 30 
comprises a polymer, Which is applied to lenses 22. PoWer 
unit 28 modulates a level of transparency of the polymer by 
driving the polymer to change a state thereof. 

For some applications, transparency regulation element 30 
comprises a tinting device, e.g., a liquid crystal device. 

Transparency regulation element 3 0 is typically con?gured 
to assume a transparent state in the absence of voltage from 
poWer unit 28. Alternatively, the absence of voltage from 
poWer unit 28 darkens transparency regulation element 30, 
and a supply of voltage reduces a level of the darkening of 
transparency regulation element 30. 

Typically, poWer unit 28 comprises a rechargeable battery. 
Alternatively, poWer unit 28 comprises a photovoltaic 
charger. For some applications, poWer unit 28 is con?gured to 
be actuated by a user input, such as a sWitch, a button, a touch 
sensitive panel, or a voice activation unit. 

For some applications, poWer unit 28 comprises an angle 
detection device con?gured to activate transparency regula 
tion element 30 upon sensing a particular angle of frame 24 
(e.g., head-forward 10-15 degrees for at least 2 seconds). In 
this embodiment, the location of magni?cation lens system 
26 in an upper region of spectacle lens 22 typically involves a 
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tilting of the head of the subject in order to look through 
magni?cation lens system 26. Upon detection of such tilting, 
transparency regulation element 30 decreases the level of 
background light passing through one or both spectacle 
lenses 22 in order to enhance vieWing through magni?cation 
lens system 26. 
When the subject no longer desires vieWing through mag 

ni?cation lens system 26, the subject tilts the head out of the 
angle range described hereinabove, thereby deactivating 
transparency regulation element 30, and returning the one or 
both spectacle lenses 22 to a transparent state. Alternatively, 
the angle-detection device is con?gured to activate and main 
tain transparency regulation element 30 in an activated state 
upon sensing a particular angle of frame 24 (e.g., head-for 
Ward 10-15 degrees for at least 2 seconds). In this embodi 
ment, subsequent tilting of the head in various positions does 
not affect the activated state of transparency regulation ele 
ment 30. A subsequent input (e.g., tilt head-forward 10-15 
degrees for at least 2 seconds) deactivates transparency regu 
lation element 30. 

For some applications, poWer unit 28 comprises an eye 
motion sensor con?gured to activate transparency regulation 
element 30 upon sensing a particular movement or disposi 
tion of an eye of the subject (e.g., staring through magni?ca 
tion lens system 26 for at least 2 seconds). Upon detection of 
such a motion or disposition, poWer unit 28 drives transpar 
ency regulation element 30 to decrease the level of back 
ground light that is alloWed to pass through one or both 
spectacle lenses 22 in order to enhance vieWing through mag 
ni?cation lens system 26. 
When vieWing through magni?cation lens system 26 is no 

longer desired, termination of staring through magni?cation 
lens system 26 (or another eye motion) deactivates transpar 
ency regulation element 30, returning the one or both spec 
tacle lenses 22 to a transparent state. 

Typically, poWer unit 28 comprises circuitry, such as a 
microcontroller, con?gured to process input from the angle 
detection device, the eye motion sensor, and/or another user 
input as described hereinabove. In response to the processing, 
the circuitry actuates poWer unit 28 to drive current through 
transparency regulation element 30. 

Thus, for some applications, both spectacle lenses 22 are 
darkened, While for other applications transparency regula 
tion element 30 is con?gured to substantially darken only the 
portions of spectacle lens 22 comprising magni?cation lens 
system 26, and not to darken the second of the tWo spectacle 
lenses 22. In some embodiments, transparency regulation 
element 30 is con?gured to be coupled only to spectacle lens 
22 coupled to magni?cation lens system 26. Alternatively, 
transparency regulation element 30 is coupled to each spec 
tacle lens 22 coupled to frame 24. 

For some applications, apparatus described herein com 
prises a control unit (not shoWn) comprising a transmitter 
and/or a receiver. The control unit is typically disposed at a 
remote location With respect to frame 24 of apparatus 20. For 
some applications, the control unit is integrated into an ear 
piece. The control unit communicates With poWer unit 28 by 
transmitting commands to a receiver in poWer unit 28, and/or 
receiving information transmitted by a transmitter in poWer 
unit 28. Such transmissions may use a proprietary Wireless 
protocol, or may use a standard knoWn in the art, such as 
Bluetooth. For some applications, the control unit comprises 
the angle-detection device described hereinabove. 

In some embodiments, the control unit, frame 24, and/or 
poWer unit 28 comprises a sensor, e.g., optical, infrared, ultra 
sound, and/or radiofrequency, con?gured for targeted near/ 
far sWitching to activate and deactivate transparency regula 



US 7,452,067 B2 
15 

tion element 30 accordingly. Typically, the sensor transmits a 
command to power unit 28 to drive transparency regulation 
element 30 to darken portions of lens 22 (e. g., portions of lens 
22 not containing magni?cation lens system 26 or portions of 
lens 22 containing magni?cation lens system 26). For 
example, upon sensing a transmission from a near object, the 
poWer unit may drive the transparency regulation element to 
darken portions of lens 22 con?gured for vieWing far objects, 
and vice versa. For some applications, in Which a subject 
desires to read from a computer monitor positioned at a cer 
tain distance from the subject, When the subject directs his or 
her head toWards the monitor, the sensor senses a signal (e. g., 
an infrared signal) generated by a signal generator positioned 
in a vicinity of the monitor (e.g., coupled to the monitor). 
Responsively to receiving the signal, poWer unit 28 drives 
transparency regulation unit 30 to darken portions of lenses 
22 not having the correct level of focusing or magni?cation 
for vieWing the monitor, e.g., the portions of lenses 22 con 
taining magni?cation lens system 26, or the portion of bifocal 
lenses not having an appropriate focal length for vieWing the 
monitor. 

In an embodiment of the present invention, the control unit, 
frame 24, and/or poWer unit 28 comprises a transmitter and a 
receiver. A re?ective surface is coupled to a vieWing target, 
e.g., a location on a body of a patient during surgery, or a 
computer monitor. When the subject directs apparatus 20 
toWard the target, a signal transmitted from the transmitter is 
re?ected from the re?ective surface and received by the 
receiver of the control unit, frame 24 and/or poWer unit 28. 
Responsively thereto, poWer unit 28 activates or deactivates 
transparency regulation element 30 accordingly. For 
example, the portions of lenses 22 not containing magni?ca 
tion lens system 26 may be darkened When the subject orients 
apparatus 20 toWard the target to Which the re?ective surface 
is coupled. 

In an embodiment of the present invention, the control unit, 
frame 24, and/or poWer unit 28 comprises a distance sensor, 
Which is con?gured to sense a distance betWeen apparatus 20 
and a vieWing target, and generate a distance signal respon 
sively thereto. Responsively to distance signal, poWer unit 28 
automatically sWitches betWeen activated and deactivated 
states of transparency regulation element 30, based on sens 
ing the presence and/or a distance of an object being vieWed 
by the subject at any given time. The distance sensor typically 
uses distance sensing techniques knoWn in the art, such as are 
used for auto-focusing of cameras (e. g., using re?ected ultra 
sound or infrared signals, phase detection, or contrast mea 

surement). 
Reference is noW made to FIG. 1B, Which is a schematic 

illustration of apparatus 20, as described hereinabove With 
reference to FIG. 1A, shoWing transparency regulation ele 
ment 30 shoWn in its activated state, in accordance With an 
embodiment of the present invention. Voltage from poWer 
unit 28 drives transparency regulation element 30 to sub stan 
tially darken portions of spectacle lens 22 not containing 
magni?cation lens system 26, reducing background light 
interfering With vieWing through magni?cation lens system 
26 . Additionally, transparency regulation element 3 0 sub stan 
tially darkens the additional spectacle lens 22 not coupled to 
magni?cation lens system 26. 

Reference is noW made to FIG. 2, Which is a schematic 
illustration of a side-vieW of apparatus 20, in accordance With 
an embodiment of the present invention. Spectacle lens 22 
comprises an inner surface 32, and an outer surface 34, With 
respect to the subject Wearing the spectacles, as described 
hereinbeloW. Magni?cation lens system 26 comprises an ocu 
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lar lens 40 and an objective lens 42, or is otherWise con?gured 
using techniques knoWn in the art. 

Reference is noW made to FIG. 3, Which is a schematic 
illustration of a side-vieW of apparatus 20, in accordance With 
an embodiment of the present invention. Transparency regu 
lation element 30 is con?gured to be disposed on outer sur 
face 34 of spectacle lens 22 While magni?cation lens system 
26 is con?gured to be embedded Within spectacle lens 22 (as 
shoWn), or elseWhere. PoWer unit 28, coupled to frame 24, is 
activated by the subject in a manner as described hereinabove, 
With reference to FIG. 1A, such that it drives transparency 
regulation element 30 to substantially darken portions of 
spectacle lens 22 not containing magni?cation lens system 
26. Magni?cation lens system 26 is disposed in an upper 
region of spectacle lens 22, enabling convenient activation of 
transparency regulation element 30 by, for example, the 
angle-detection device characterizing poWer unit 28. 

Reference is noW made to FIG. 4, Which is a schematic 
illustration of a side-vieW of apparatus 20, in accordance With 
an embodiment of the present invention. In this embodiment, 
apparatus 20 is generally con?gured as described herein 
above With reference to FIG. 3, except that transparency 
regulation element 30 is disposed on inner surface 32 of 
spectacle lens 22. 

Reference is noW made to FIG. 5A, Which is a schematic 
illustration of apparatus 20, in accordance With an embodi 
ment of the present invention. In this embodiment, apparatus 
20 is generally con?gured as described hereinabove With 
reference to FIG. 3, except that magni?cation lens system 26 
protrudes from inner surface 32 of spectacle lens 22, toWards 
the subject. Magni?cation lens system 26 typically protrudes 
less than about 4 mm, and has a diameter of about 3-15 mm 
(e.g., 8 mm). Magni?cation is typically betWeen about 2x and 
about 10x, e.g., 3><-4><. It is noted that these parameters are 
described by Way of illustration and not limitation. 

Reference is noW made to FIG. 5B, Which is a schematic 
illustration of apparatus 20, in accordance With an embodi 
ment of the present invention. In this embodiment, apparatus 
20 is generally con?gured as described hereinabove With 
reference to FIG. 5A, except that magni?cation lens system 
26 is disposed on outer surface 34 of spectacle lens 22 and is 
con?gured to protrude from spectacle lens 22 aWay from the 
subject. 

Reference is noW made to FIG. 6A, Which is a schematic 
illustration of apparatus 20, in accordance With an embodi 
ment of the present invention. In this embodiment, apparatus 
20 is generally con?gured as described hereinabove With 
reference to FIG. 3, except that both transparency regulation 
element 30 and magni?cation lens system 26 are embedded 
Within spectacle lens 22. 

Reference is noW made to FIG. 6B, Which is a schematic 
illustration of apparatus 20, in accordance With an embodi 
ment of the present invention. In this embodiment, apparatus 
is generally con?gured as described hereinabove With refer 
ence to FIG. 6A, With the exception that spectacle lens 22 
comprises a proximal lens element 102 (With respect to the 
eye of the subject) and a distal lens element 100. In this 
embodiment, a portion of proximal lens element 102 and a 
portion of distal lens element 100 are shaped so as to de?ne 
magni?cation lens system 26, as shoWn in the ?gure. Trans 
parency regulation element 30 is disposed betWeen inner lens 
102 and outer lens 100. 

Although magni?cation lens system 26 is illustrated in the 
middle of proximal lens element 102 and distal lens element 
100, it is to be understood that alternative portions of lens 
elements 100 and 102 (e.g., the upper portions of lens ele 










